[glycoprotein IIb (GPIIb)/IIIa, CD41/CD61] diagnosed by absent or reduced platelet aggregation to physiological agonists, namely, collagen, adenosine-di-phosphate, epinephrine and arachidonic acid. The objective of this study was to quantitate platelet surface GPs, classify GT patients and relate the results with the severity of bleeding and platelet aggregation studies.
(ITGA2B) and GPIIIa (ITGB3) are closely associated at chromosome 17q21 4 . Flow cytometric analysis with monoclonal antibodies specific for αIIb (GPIIb, CD41) and β3 (GPIIIa, CD61) provides a rapid and simple method for the diagnosis [5] [6] [7] . Based on their CD41/CD61 levels, GT patients have been classified into three types, type I with markedly low (<5%) levels, type II with reduced (5-20%) levels and type III (variant type) with approximately 80-100 per cent of control levels, due to dysfunctional GPIIb/IIIa receptors [8] [9] [10] .
To evaluate the role of flow cytometry in the evaluation of platelet GPs as a tool in the diagnosis of GT, we assessed unrelated patients of GT diagnosed by platelet aggregation studies. Since the analysis of platelet GPs have been done for carrier detection and molecular mutations in earlier studies from our centre 6, [9] [10] [11] and from centres in west and south India [12] [13] [14] , we quantitated the platelet GP levels and compared it with the bleeding severity in these patients. Though association between bleeding severity and CD41/CD61 expression has been done in a study 9 from our centre, in the present study bleeding severity in GT patients was associated with the expression of platelet surface GPs CD41 and CD61.
Material & Methods
In this cross-sectional study clinical records of 51 unrelated patients of GT consecutively enrolled at the Haematology Outpatient Department of All India Institute of Medical Sciences (AIIMS), New Delhi, India, between January 2009 to December 2012, with haemorrhage characteristic of qualitative or quantitative platelet disorders were reviewed. Diagnosis of GT was established based on history of mucocutaneous bleeding and absent or reduced platelet aggregation with agonists ADP, epinephrine, AA and/or ristocetin, with normal platelet count, prothrombin time (PT) and activated partial thromboplastin time (aPTT) and thrombin time 11 . Automated platelet count results were correlated with manual platelet counts for the same specimen. Fifty one healthy individuals (age range 19-50 yr, 42 males and 9 females) who had not taken medications or anti-platelet drugs for the preceding two weeks with normal platelet morphology and platelet counts were taken as controls. Controls were run in parallel with patient samples at the same time during flow cytometry evaluation. Clinical history of bleeding such as sites, severity and frequency of bleeding, trauma-related events, history of surgical procedures if any and history of menorrhagia in female patients above the pubertal age were recorded. History of packed red cells/platelet transfusions was recorded. In addition, family history such as consanguinity, bleeding complications in any of the parents/siblings, origin of the family were also noted. Patients with acquired bleeding, coagulation defects, platelet function defects other than GT and those on antiplatelet drugs were excluded from the study.
The study protocol was approved by the institutional ethics committee.
Grading of bleeding severity:
The patient bleeding severity was graded by the analysis of clinical records of patients were evaluated using a questionnaire and checklist for bleeding patients in the outpatient clinic. Bleeds were classified in terms of severity according to the WHO bleeding assessment scale as used by others 3, 15 . In this system, grade 1 (mild bleeders) was characterized by minor mucosal bleeds, petechiae, or retinal bleeding without vision impairment. Grade 2 (significant bleeders) patients gave history of gastrointestinal bleeds, haematuria or haemoptysis. Grade 3 (severe bleeders) included any bleeds requiring red cell or platelet transfusion support, and grade 4 bleeds included retinal and cerebral bleeds associated with morbidity or mortality.
Haematological workup: A routine haemogram was obtained from a five-part haematology cell analyzer (Sysmex XE2100, Kobe, Japan). Peripheral blood smears stained by Jenner-Giemsa were evaluated for platelet morphology and counts. Platelet aggregation studies were done using platelet-rich plasma in a platelet aggregometer (Bio/Data Corp., Horsham, USA) using final concentrations of ADP at 2 × 10 −5 M AA at 500 µg/ml, epinephrine at 1.0 × 10 −4 M and ristocetin at 2 mg/ml. Routine PT, aPTT and thrombin time were performed in all cases. Workup for von Willebrand disease (vWD) was done in selected cases.
Analysis for platelet receptor CD41, CD61, CD42a,
CD42b by flow cytometry: Peripheral blood samples (2 ml) were collected in EDTA by fresh venepuncture for flow cytometry analysis from patients and healthy controls. Platelet count was adjusted to approximately 1.5 × 10 9 /l in three tubes. Cells were incubated with monoclonal antibodies CD41 (FITC/Per CP-Cy-5.5) and CD61 in the first tube and CD42a (FITC) and CD42b (PE-A) in the second tube. Controls were run in parallel to test samples. All antibodies were obtained from BD Biosciences (San Jose, CA, USA). An unstained tube lacking the antibodies was processed similarly. After 20 min incubation, tubes were directly acquired on the flow cytometer (BD FACS Canto-6 colour), and all the analyses and interpretation were carried out post-acquisition by BD FACS Diva software (BD Biosciences, USA). Fluorescence measurement was expressed as the percentage of positive cells above a threshold set with the unstained tube acting as negative control. Compensation for fluorochrome spectral overlap was adjusted for analysis.
Statistical analysis:
The association between the clinical phenotype based on bleeding score and GT subtype on flow cytometric evaluation was assessed using a Freeman-Halton extension of Fisher's exact test. Mean values of CD41 and CD61 were compared using a paired t test. All analyses were conducted using Stata v9.0 (StataCorp, Texas, USA) and SPSS v15.0 (SPSS Inc, Chicago, USA).
Results
Fifty one patients with GT (27 males and 24 females, median age four years, interquartile range 2-14 yr) were included in the study. Thirty three (64.7%) patients were diagnosed before the age of six years, 16 (31.4%) between 6 and 16 yr and only two (3.9%) subsequently. The family history of bleeding disorder was present in six (11.8%) patients. History of consanguinity could be elicited in 14 (27.5%) patients; however, the degree of consanguinity could not be ascertained. Table I shows that more than 50 per cent of type I GT patients had epistaxis or gum bleeding while petechiae, bruising and ecchymoses were more common in type III GT patients. Menorrhagia was the most common presentation in eight of nine (89%) females above pubertal age. Gastrointestinal bleeding and deep haematoma involving joint were rare and seen in four patients and one patient, respectively. None of the patients gave history of platelet transfusions. Packed red blood cells were given in five patients, of whom three belonged to GT I type and one each to GT II and GT III.
Haematological data: Twenty four (47%) patients had associated microcytic hypochromic anaemia with a median haemoglobin level of 9.3 g/dl (range 3.8-14.6 g/dl). The mean platelet count was 204±72 × 10 9 /l. None of the GT patients had enlarged platelets on peripheral smear. The average total leucocyte count was 7.95±2.4 × 10 9 /l. Absent aggregation was seen to ADP, epinephrine, and AA was seen in all patients. Incomplete ristocetin response comprising only primary wave aggregation was seen in 16 (31.4%) patients and normal response in 35 (68.6%) patients. vWD workup done in three patients where predominant mucocutaneous bleeding was present was normal. All three had only primary wave aggregation with ristocetin and belonged to the variant GT (type III) category on flow cytometry.
Bleeding score: Association of GT type on flow cytometry with severity of bleeding is given in Table II . Symptoms of minor bleeding (score 1) were present in 24 (47%) patients, 14 (27.5%) had a clinically significant bleeding (score 2) and 13 (25.5%) had severe bleeding requiring transfusion (score 3). No patients had fatal or debilitating bleeding (score 4). Severe bleeders (WHO score 3) were found to be significantly lower in GT type III (2/21, 9.5%; P=0.034). No significant association between bleeding score and GT subtype was seen in type I and II GT patients (Table II) .
Flow cytometry analysis: Twenty four (47%) patients were categorized as GT type I with absent or extremely reduced levels (<5%) of CD41 and CD61. Of these, 15 (62.5%) patients had reduced levels of both CD41 and CD61 (Fig. 1) (Fig. 3) .
Mean values of CD41 were significantly lower than those of CD61 in type I (P=0.012) and type II GT patients (P=0.015) and all patients taken together (P=0.002) ( Table II) . Median fluorescent intensity of CD41 and CD61 was also compared and found to be significantly different. Mean values of CD41 were lower than CD61 in the variant GT subgroup also, however, this was not significant. In the 51 age-and sex-matched unrelated controls, mean values of CD41 and CD61 were 97.1 and 98.2 per cent, respectively. There were no differences in the mean expression of CD41 and CD61 in these cases. In all GT patients, levels of CD42a and CD42b were found to be within normal limits (CD42a: 96.1±3.8%; CD42b: 96.4±3.2%).
Discussion
This study was undertaken to evaluate Indian patients with GT, quantitate their platelet surface GPs, CD41 and CD61 and compare their GT subtype on flow cytometry with their clinical bleeding score. Based on the flow cytometric quantification of CD41 and CD61 in GT patients, 47 per cent were classified as GT type I, 11.8 per cent as GT type II and 41.2 per cent showed normal expression of CD41 and CD61. The data conformed to the previous studies from the same centre that type I GT was most common in Indian patients 9, 16 . Similar results were reported from Iran 3 .
In this study, 16 (31.4%) patients showed only primary wave aggregation to ristocetin. The reason for this may be the use of low-dose ristocetin in our screening. The response to high-dose ristocetin was normal in these patients. Although ristocetin-induced aggregation is normal in GT patients, the maximal increase in light transmission reached is often reduced due to defective, secondary, platelet-to-platelet contact-induced aggregation 4 . At lower concentrations of ristocetin, secondary aggregation response has been reported to be absent in GT and afibrinogenemia 17, 18 .
In our study, epistaxis and petechial bleeding were the most common symptoms while menorrhagia was the most common presentation in pubertal female patients. These were similar to other reports in literature 19, 20 .
History of consanguinity could be elicited in 27.5 per cent patients, of whom only six gave family history of bleeding disorder; all of them had a similar history in a sibling and not a parent. Expression is autosomal recessive, consisting either of true homozygosity of a single genetic abnormality or double heterozygous expression of separate abnormalities 8, 10 . Although screening of parents could not be carried out in all cases, it was evident from the data that heterozygous GT might be higher in the Indian population.
Patients in our study had significantly lower mean values of CD41 as compared to CD 61. Spurious false increase of CD61 expression due to platelets adhering to fragments of WBCs was excluded by leaving debris and WBCs outside on gating. Heterogeneous expression of CD41 and CD61 on flow cytometry has been reported earlier 21 . Western blot analysis performed on the platelet lysates in a study from Iran showed increased expression of GPIIIa as compared to GPIIb in type I patients 3 . We also found higher mean expression of CD61, corresponding to GPIIIa. In the Indian population, mutations in the ITGA2B gene have been reported to be predominant 12 . This may be responsible for lower CD41 expression in type I and II patients in this study. However, this needs to be confirmed by larger studies involving molecular mutation analysis.
No significant association between bleeding score and GT subtype was seen in type I and II GT patients. Earlier studies have reported no correlation between the severity of bleeding of the patients and the GT subtype 8, 9, 21 . The lower incidence of severe bleeders in variant GT may be related more to the higher level of CD 41 and 61 expressions. Conditions other than GT may have similar results of platelet aggregation studies with normal GP levels on flow cytometry. Some of these patients may represent acquired GT caused by GPIIb/GPIIIa specific autoantibodies. Employing the PAC-1 antibody or other conformation-dependent monoclonal antibodies that recognize activated GPIIb/IIIa complex would permit the identification of elusive forms of GT characterized by functional impairment 7 . However, antibody detection studies were not carried out in type III GT patients in this study. Type III GT may also include patients with inherited bleeding disorders with gene defects other than ITGA2B and ITGB3 22 . These may include defects in intracellular signalling pathways as shown by the reports of mutation in the in the RAS guanyl-releasing protein-2 gene coding for calcium and DAG-regulated guanine exchange factor-1 22 . Exome or whole-genome sequencing would be of interest for type III GT patients. Although none of our patients gave history of being transfused platelets, many GT patients who have received platelet infusions eventually may produce anti-GPIIb/IIIa antibodies 23 . This points towards the stringency in performing flow cytometry at diagnosis and not after platelet transfusion.
The limitation of the present study was that patients could not be evaluated for molecular mutations.
In conclusion, our results showed that GT type III had significantly lower numbers of severe bleeders (WHO score 3). Type I GT was found most common in our patients akin to previous data, with lowered mean CD41 expression in comparison with CD61. Since flow cytometry is now being increasingly used to confirm the presence or absence of platelet GPs, it must be performed early in disease diagnosis, for accurate subtyping of GT and before platelet transfusion to avoid diagnostic dilemmas.
